Some theories
of hippocampal formation function postulate that it is involved in using the relationships between distal cues for spatial navigation.
That rats with damage to the hippocampal formation are impaired in learning place responses of escaping to a platform hidden just below the surface of the water of a swimming pool, supports this view. Using rats with fimbria-fornix (FF) lesions, we examined whether their impairment is related to an inability to learn how to reach the platform as opposed to learning its location. In a first experiment, the FF rats were impaired in learning to swim to a hidden platform but could swim to a visible platform. In a second experiment, after being pretrained to swim to a visible platform, the FF rats swam to, paused, and searched the vicinity of the platform's previous location when it was removed. This finding showed that the FF rats expected to find the platform at that location. Additional tests confirmed that they had learned a place response.
Despite having acquired a place response, they still could not acquire new place responses when only the hidden platform training procedure was used. Thus, these results in dissociating the processes of "getting there" and "knowing where" suggest that the FF rats' impairment may be in some process of motoric control, such as path integration, rather than in learning the location of the platform in relation to ambient cues. The results are discussed in relation to relevant theories of hippocampal function.
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A number of theories of hippocampal function suggest that it has a role in using the relations between ambient cues to guide movements (Hirsh, 1974; O'Keefe and Nadel, 1978; Sutherland and Rudy, 1989; Jarrard, 1993) . In an exemplar task, rats placed in a swimming pool, in which a small escape platform is hidden just beneath the water's surface, will learn to swim directly to Recei ved Jan. 12, 1995; revised Mar. 30, 1995; accepted Apr. 6, 1995 the platform from any location on the pool's edge (Morris, 1981) . Rats with hippocampal dysfunction, produced by hippocampal removal (Morris et al., 1982; Sutherland et al., 1982a; Whishaw, 1987) , damage to its efferents and afferents in the fimbria-fornix (Cassel and Kelche, 1989; Sutherland and Rodriguez, 1989) , or cholinergic blockade (Sutherland et al., 1982b; Whishaw, 1985a,b; Whishaw and Tomie, l987) , are severely impaired. Since the same studies show that the rats remain excellent swimmers and can quickly learn to escape to a visible platform, the results suggest that the hippocampus is selectively involved in using the relational properties of ambient cues to guide movements. Despite evidence that disruption of hippocampal function impairs spatial behavior, it is difficult to demonstrate that this is due to an inability to use the relations between ambient cues. As first demonstrated by Krechevsky (1938) , problem solving involves at least two processes: discovering the task's solution and then learning the task. Similarly, in swimming pool tasks, animals must first learn to swim, discover that there is an escape, and find that effective guidance requires distal cues (Sutherland and Dyck, 1984; Whishaw and Petrie, 1988) . In fact, during the first swimming trials, the rats engage in a variety of behaviors such as scrabbling at the edge of the pool, swimming around its edge, making sorties into the center of the pool, swimming in circles, etc., suggesting that they are searching for an appropriate solution. Once a solution is found, however, new place responses, even in tests in novel locations, can be acquired within one trial (Whishaw, 1985c (Whishaw, , 1989 . This raises the question of whether retarded place learning following hippocampal damage resides in finding and using an appropriate solution or "getting there," rather than, or in addition to, loss of the ability to know a location using ambient cues or "knowing where."
The present study addresses this question by demonstrating in a first experiment that rats with fimbria-fornix (FF) lesions are impaired in acquiring a place response. Then in a second experiment, FF rats are trained with a visible cue using a gradual adaptation procedure to determine whether first having been provided with an acquisition strategy they demonstrate subsequently that have acquired a place response as do control rats (Whishaw and Mittleman, 1986) . Behavior is then assessed on probe trials with kinematic measures of swim direction, distance, and velocity, to determine whether the rats expected to find a platform in the pool and, more importantly, to determine whether they expect to find it at its previous location. In addition to this central experiment, control studies were performed to characterize further the spatial abilities of the rats.
Materials and Methods Methods
Animals. Thirty-six male Long-Evans rats (University of Lethbridge vivarium) were used. They were housed in pairs in plastic bowls in a laboratory with room temperature maintained at 20-21°C and lighted on a 12/12 hr light/dark cycle. For 2 weeks after surgery, the rats were taken to the test room, removed from their cages, and handled for about 5 min. At the time the experiment began, the rats weighed 400-500 gm.
Surgery. Prior to the beginning of the handling procedures, the rats received bilateral cathodal lesions that severed the axons of the fimbriafornix. Cathodal current was passed for 40 set through 00 stainless steel insect pins insulated with epoxylite except at the surface of their tips. Lesions were made at two sites in ea?h hemisphere using coordinates in reference to bregma and the surface of the dura: 1.3 mm posterior, 1.5 mm lateral, and 3.6 mm ventral, and 1.5 mm posterior, 0.5 mm lateral, and 3.3 mm ventral. Behavioral testing began 15 d following surgery.
Swimming pool. The swimming pool was located in a test room in which many cues, including windows covered by blinds, counters, cupboards, etc., were present. A 146 cm diameter and 45 cm high round white swimming pool was located in the center of the room. It was filled to a depth of 25 cm with 22°C water that was made opaque with the addition of 1500 cc of powdered milk.
Platforms. Depending upon the task, one of two platforms was located in the pool. The visible platform was an 8.5 cm2 wooden block painted black that protruded from the water for 3 cm. A small shelf below the surface of the water served as a step to help the rats climb onto the platform. The hidden platform was made of clear Plexiglas and its 11 cm* top was located 1 cm below the surface of the water where it was not visible to a viewer on the surface of the water. The surface of the platform was serrated so that the rats could obtain purchase as they climbed onto it.
Training. For training, the rats were taken to the test room in their home cages. Each pair of rats was then placed in a cage identical to the home cage that was located on a stand near the swimming pool. One of the rats was removed from the cage and placed for 5 set in the basket of its grid top. The rat then received a trial in the swimming pool after which it was again placed for 10 set on the top of the holding cage, and then the next trial began. These procedures were used to ensure that the rats were comfortable with the handling and training procedures.
In all of the experiments, starting points for the swims were at the cardinal compass points (N, S, E, and W), which were selected in a semirandom fashion for each rat on each trial. A rat was held by the torso behind the shoulders and gently placed into the water facing the wall of the pool, so its head did not submerge. After its last daily swim, each rat was replaced in its home cage and returned to the colony room.
Videorecording and analysis. On all trials, swim durations, from the time the rat was placed in the water to touching the platform with the forepaws, were timed with a stop watch, the swim path of the rat was drawn on a map of the swimming pool, and the swims were videorecorded. In some tests, the accuracy of a rat's swim was scored on each trial. If a rat swam directly to the platform, staying within an 18 cm wide corridor from the start point to the platform, then the swim was scored as correct. If a rat deviated from this corridor, it was given an error for that swim (Whishaw, 198513) .
The video camera was used to ensure that the platforms were placed in the same location each day with reference to the pool and room, and the video record subsequently was used for a variety of analyses. For certain tests and probe trials, the rats' swims were digitized using a Peak performance kinematic analysis system (Peak Performance, Denver, CO). Successive video fields (60 fields/set) were grabbed with a frame grabber and the tip of a rat's nose was manually marked. The swim path and the swimming velocity were then determined using Peak programs and the results, expressed as x,y-coordinates, were stored in the computer for subsequent averaging, analysis, and display. Since swims took between 1 and 5 set, between 60 and 300 points, were used for determining swim trajectories, distance, and velocity on each trial. (Preliminary digitizing was performed using the automatic features of a number of movement tracking systems; however, the processes by which the automatic systems followed the average exposed surface of the rat did not produce reliable results.)
Histology. At the completion of the experiments, the rats were deeply anesthetized, perfused with saline and saline-formalin, and the brains were removed and stored in a 30% sucrose formalin solution. The brains were cut in 40 pm sections on a cryostat and alternate sections were with cresyl violet and stained for acetylcholinesterase.
Procedure
Two experiments were performed. In the first experiment, the performance of FF rats and control rats was assessed on a place task that consisted of escaping to a hidden platform using conventional training procedures. In the second .experiment, similar groups of rats were first trained to swim to the visible platform and were then evaluated on probe trials to determine whether they attended to distal ambient cues. The same groups were subsequently given a number of additional probe and training tests to confirm that they had learned a place response.
Experiment I: the effect of FF lesions on place learning Eleven rats with fimbria-fornix lesions and nine control rats were used. The hidden platform was located in the NE quadrant of the pool. Each rat received two trials each day and each of the two trials began at one of the four start locations, with starting locations changed each day. The trials were given sequentially with an intertrial interval of about 10 sec. After the rats had completed 28 trials, the hidden platform was replaced with the visible platform for six trials. Then, the rats received two more trials with the platform hidden. Trials were videorecorded, swims were recorded on a map of the pool, and latency was recorded with a stop watch.
Experiment II: pretraining on the visible platform followed by probe trials
Training. Eight rats in each of two groups (FE control) served in the cue experiment and subsequent testing. In order to gradually adapt the rats to the procedures, training took place in four stages. (1) Each day for 6 d the rats were placed on the visible platform twice for 30 set with an intertrial interval of about 10 sec. (2) Each day for 4 d the rats were placed into the water next to the platform twice, so that they could quickly climb onto it. The rats were placed so that their swims began from the directions of the cardinal compass points, but the rats were released as they faced the platform. After they climbed onto the platform they were left there for 30 set and intertrial intervals were 10 sec. (3) For 2 d the rats received two swims, one from each of the four start points. For these and subsequent trials they were placed into the water facing the wall. After each swim they were left on the platform for 10 set and trials were given sequentially with an intertrial interval of 15 sec. (4) On each of 8 d the rats received four trials each day, one from each start point, with start points selected in a semirandom sequence. Intertrial intervals were about 10 sec. They were left on the platform for 15 sec.
Probe tests. At the completion of the training procedures, the rats were given two probe tests. (1) No platform probe: the rats received four swims each day for 4 d, one from each start point. For one of the daily swims (selected semirandomly so that swims from each start point were obtained for each rat), the visible platform was removed from the pool. On these swims, the rats were quickly removed from the water as soon as they left the correct quadrant of the pool, once having entered it. (2) Hidden platform probe: the rats received four swims each day for a second 4 d. On one of the daily swims (chosen semirandomly so that swims from each starting point were obtained for each rat), the visible platform was replaced by the hidden platform. If a rat missed the hidden platform and then swam out of the correct quadrant of the pool, it was quickly removed from the water.
Place training. With the hidden platform located in the same place in which the visible platform had been located, the rats were given four trials each day for 10 d. If a rat failed to find the platform within 60 set, the rat was removed from the pool, ending that trial.
Matching to place tusk. The hidden platform was moved to a new location on each day for each of 5 d. The rats received four trials each day, each starting from one of the four start points. They were required to swim until they found the platform on each trial. Measures were latency to find the platform and accuracy. 
Results

Histological results
The dorsal fornix and the fimbria were completely sectioned in all of the rats that were given lesions (Fig. la,b) . Some lesions encroached onto the most posterior part of the lateral septal nucleus, the dorsal hippocampal commissure, and the most anterior part of the dorsal hippocampus. The tract made by the electrodes and the lesion only slightly damaged the supracollasal septohippocampal pathways or cortex. Previous work has shown that the supracollasal damage does not produce additional impairments on spatial tasks (Sutherland and Rodriguez, 1989; Jeltsch et al., 1994) . Stains for acetylcholinesterase (AChE) revealed extensive depletion of AChE in the hippocampus (Fig. lc,d ). From previous work it is known that the lesion used in the present experiment reduces cholinergic markers by about 70% in the dorsal hippocampus (Cassel et al., 1991; Jeltsch et al., 1994) .
Experiment I: Place experiment The pattern of spatial behavior of the control and FF rats was different (Fig. 2) . The control rats rapidly learned to swim to the hidden platform, whcrcas although the rats with FF lesions showed some improvement, they remained severely impaired relative to the control group as indicated by their high mean latencies, [F( 1,18) = 20.7, p < O.OOl]. When the visible platform was substituted for the hidden platform, rats in both groups quickly learned to swim directly to it and there was no group difference [F(1,18) = 0.24, p > 0.051. When the platforms were again exchanged, the group differences reemerged as the performance of the rats in the fimbria-fornix group deteriorated [F(1,18) = 29, p < O.OOl].
Experiment II: Cue experiment with probe trials Acquisition latency. Once the rats were habituated to the room, pool, and platform, they were given 36 trials swimming to the visible platform. There was no difference in the latencies of control and FF rats to reach the visible platform, as animals in both groups uniformly produced swims that were rapid and direct at asymptote [control = 4.3 set vs FF = 4.7 set, F( 1,14) = 0.32, p > 0.051.
Swim trajectories: visible platform present versus absent. On the last four trials on which the rats swam to the visible platform, the tip of each rat's nose was digitized on each video field and the swim paths were reconstructed (e.g., up to 300 digitized points per swim). These paths are shown in the top portion of Figure 3 . To compare the accuracy of the swim trajectories of the two groups, the digitized curves were interpolated, and the differences between the actual trajectory and the ideal trajectory (the most direct line) were computed for swims from each start- . Average swim latencies of control and fimbria-fornix groups on a place task in which the target platform was first hidden at a single location (Place), then visible in that location (Cue), and then again hidden (Place). Note that the fimbria-fomix group displayed almost no learning when the platform was hidden, quickly learned to swim to a visible platform, and then reverted to poor performance when the platform was again hidden.
Control
Fimbria/Fornix ing position, which provides a difference at each point between the actual and ideal trajectory. ANOVAs performed on these results indicated that there were no group differences in accuracy of swims from any position. The group by position interaction (a comparison of the location of the rats in each group as the swim was performed) was significant for swims from start points 1 and 2 but not from start position 3 and 4. The significant interaction effects appear due to slightly wider turns at the initiation of swims at the start positions made by the FF group. The bottom portion of Figure 3 shows the digitized swim paths for the rats on swims on which the platform was removed. ANOVAs performed on the deviations from the idealized swim paths indicated that there was no significant difference for swims taken from start positions 1, 2, and 4, but there was a significant difference for swims taken from position 3 [F(1,14) = 5.63, p < 0.031. Group by swim time interactions were significantly different from start position 1, 2, and 3 @s < 0.01) but not from start point 4. Again, the interaction seems mainly attributable to the difference in the width of the turns taken by the two groups at the beginning of the swim.
Average swim path: platform present versus absent. Average swims were obtained by interpolating the digitized records, to equate the number of x,y-coordinates for each swim for each rat, and then averaging across rats in each group. A swim was considered ended at the point at which a rat came closest to the Platform 4 No Platform Figure 3 . Swim paths of control rats (left) and rats with fimbria-fornix lesions. Top, A platform was present and visible. Note that the swim patterns were similar in both groups, although the fimbria-fornix rats tended to make slightly wider turns when placed into the water facing the wall of the pool. Bottom, No platform was present. Note that both groups of rats swam to the area of the pool in which the platform had been present. The numbers I4 (N, E, S, W) indicate the order in which start positions were used. Each tracing represents the swim path taken by a rat from that location.
Fimbria/Fornix Figure 4 . The average swim path of control rats (left) and rats with fimbria-fornix lesions (right) on swims from four start positions (N, E, S, W, top to bottom) when the platform was not present. The arrows indicate the point at which individual rats terminated their swims by stopping and turning. Note that the average swim for each group leads to the quadrant of the pool in which the visible platform had been located and the rats stopped and turned in close proximity to the platform's previous location.
platform's location. The average swim paths taken by the control and FF groups when the platform was removed are shown in Figure 4 . A comparison of x-and y-coordinates for swims with the platform present indicated no significant group difference on any of the eight measures (an x and a y value for each of the four swims). When the platform was removed, the x value for position 3 was the only value that gave a significant difference [F(1,14) = 2.68, p < 0.051. Figure 4 also shows locations at which rats changed their swimming direction after their swimming course had been set toward the platform. The location and direction of each turn is indicated by an arrow for each rat. These points were characterized by a sharp deceleration in swim speed and an obvious body turn. With the exception of 3 of 32 swims by rats in the FF group and 1 of 32 swims by the control group, all of the directional changes occurred in the quadrant of the pool in which the platform had been located. The average latency to initiate the change in swimming direction was not different between the two groups [control = 2.3 set vs FF = 2.38 set, F(1,14) = 0.03, p = 0.861. Similarly, the distance from the platform at which the turns were initiated was not significantly different [control = 7.8 cm vs FF = 8.3 cm, F(1,14) = 0.21,~ = 0.421. It is noteworthy that on some trials (9 of 32) several rats in the !ZF group actually stopped and floated in the vicinity of the platform. (This behavior was also observed in two preliminary studies with five and five rats and eight and eight rats in each group, and provided the incentive to use kinematic measures in the present study.) Swim velocity: platform present versus absent. Figure 5 (top) shows the average swim velocity to the visible platform from each start location produced by control and FF rats. Typically, velocity was slow as the rats turned away from the wall at the start position and initiated the swim, increased as they swam toward the platform, and decreased as they approached it. The end of the curve is the point at which the rats touched the platform. The shapes of the velocity curves for the two groups are very similar when the platform was present. ANOVAs performed on the interpolated velocity profiles (velocity comparisons at each point along the swim) indicated no significant differences on swims from any start position.
Figure 5 (bottom) shows the average velocity of swims from each start location when the platform was removed. Again, the velocity curves for the two groups are very similar. ANOVAs performed on the normalized velocity profiles indicated that there was no significant group difference on swims from any position. The velocity by swimming time interactions were not significant for any swims. Additionally, the velocity profiles with the platform present and platform absent were very similar, indicating that the rats were decelerating at the same point in both platform present and platform absent conditions.
The most important feature of the velocity profiles in indicating that the rats expected to find a platform at a certain location in the pool is the point at which deceleration of swimming occurred (i.e., the final portions of the velocity curves in Fig.  5 ). This point occurred in both control and FF groups at about the same time and it occurred in close proximity to the expected location of the platform. There was no significant group difference in the time at which deceleration occurred. This result suggests that control and FF rats expect to reach the platform at its previous location, even though it has been removed.
Probe swims with the hidden platform present. The rats were given 4 further days of training, during which the visible platform was present on three of the trials but replaced by the hidden platform on the remaining trial. For the probe swims when the platform was hidden, if a rat swam out of the correct quadrant without finding the platform, it was removed from the pool. This procedure permitted a direct evaluation of the accuracy of the rats' swims from each of the four starting positions. The control rats found the platform on a total of 24 of 32 trials (four probe trials for each of the eight rats), while the FF rats found the platform on a total of 23 of 32 trials. The latency to find the platform on successful trials was slightly faster for the control group than it was for the FF group [control = 3.01 set vs FF = 5.4 set, F(1,45) = 6.9, p < O.OlO].
Training to swim to the hidden platform. With the platform Control Fimbria/Fornix Figure 5 . Average swimming velocity of control rats (left) and rats with fimbria-fornix lesions (right) from the four start locations (I-4 N, E, S, W). Top, A platform was present and visible. Note that the swimming speed increased as the rats turned and swam toward the platform and then abruptly decreased as they came close to it and climbed onto it. Bottom, The platform was not present. Note the similarity in the velocity profiles to those obtained when the platform was present.
Platform A 800 I No Platform hidden, the rats were given four trials for each of 10 d. Latencies and errors are shown in Figure 6 . The latencies of the control group were lower than the latencies of FF group [F( 1,14) = 13.9, p < 0.011, as were errors [F(1,14) = 9.62, p < 0.011. By the end of the 10 d of training the performance of the two groups was very similar, however.
Observations of the swimming behavior of the control rats indicated that as they approached the hidden platform their swimming speed slowed, they made lateral movements of the head and they made treading movements with the forepaws. These appeared to be strategies to aid in finding the platform (Sutherland and Dyck, 1984) . The swims made by the FF rats were marked by the same features, but the search movements appeared much more exaggerated. As they approached the platform, FF rats slowed and circled or else made large lateral movements. Figure 7 shows representative swims by control and FF rats on the last training trial from position 2. The exaggerated search behavior of rats in the FF group increased their swim latencies and increased their probability of making an error. Inspection of the records of the rats' swims throughout the 10 d training period indicated that circling behavior of some of the Seconds rats on most trials and by other rats on occasional trials was a major reason that the FF group differed from the control group.
Probe trial after hidden platform training. At the completion of the 10 d of training, the rats were given a 60 set probe trial in which the platform was removed. The duration of swimming in each of the four quadrants was measured from the video record and is shown in Figure 8 . The FF group spent significantly less time swimming in quadrant 1 [F(1,14) = 11.84, p < 0.011, and significantly more time swimming in quadrant 3 (correct quadrant), [F(1,14) = 7.32, p < 0.011 than the control group. The finding that the FF group searched the previously correct quadrant more than did the control group may be related to the circling strategies that were displayed during training; i.e., they had been reinforced for circling during training.
Matching to place task. For 5 d the platform was moved to a new location each day and the rats were given four swimming trials. Figure 9 summarizes the daily latencies and errors made by the control group (left) and the fimbria-fornix group (right) in finding each of the five hidden platform locations. There were significant group, day, and trial differences for both latency and error measures [Fs > 3, ps < 0.011. The control group reached 
Day
Average swim latency (top) and errors (bottom) made by control rats and rats with fimbria-fornix lesions when trained over 10 d to find a platform that was hidden below the surface of the water. The location of the platform was the same as that at which it had been when the rats were trained with a visible platform. Note that although the fimbria-fornix group was slower to find the platform and their swims were not as accurate, their performance quickly approximated that of the control rats. asymptotic performance on the third place position. They By using a variety of training and measurement procedures we searched for the platform at its previous location on the first trial have developed a profile of the impairment displayed by rats of each day's training before finding it at its new location. Thus, with FF lesions in swimming pool spatial tasks. Using a "clastheir latencies on the first trials were high. On the second and sical" training procedure in the first experiment, we found that subsequent trials they swam directly to the new location. Thus, FF rats were extremely impaired in learning to find a platform 12 34 123 4
Control FimbrWFornix Figure 8 . Percentage of swim time spent in different quadrants of the pool on a no-platform probe trial given after training to a hidden platform. The quadrant in which the platform had been located was quadrant 3, and both groups of rats searched predominantly in this quadrant, although the fimbria-fornix rats spent significantly more swimming time in quadrant 3.
on the last three place tasks they learned each new location in "one trial." The rats in the fimbria-fornix group showed significant improvement across trials, but this improvement was rather small and was not characterized by the one-trial learning that was displayed by the control rats. They also displayed no improvement across days. Thus, whereas the control rats had trial 2 latencies that were as low as 5 set after day 2 and swam almost directly to the platform, the rats in the FF group had trial 2 latencies that exceeded 30 sec. At first, they perseverated in swimming in circles in the quadrant in which the visible platform had been located, but thereafter, their swims became haphazard and eventually were characterized by almost random swimming around the pool.
Discussion
Control
Fimbria/Fornix \ / Figure   7 . Swim paths made by control (left) and fimbria-fornix rats on the 40th (lust) trial of training on the hidden platform task. Note that the swim direction of the fimbria-fornix group approximated that of the control rats but that the FF rats characteristically made circles or loops as they approached the location of the platform.
Fi,mbria/Fornix . Average swim latencies (semilog plots) and errors across four trials on a task in which the location of a hidden platform changed each day for 5 d. Note that by day 3 the control rats show most improvement in swim latency between trial 1 and trial 2 and were thus showing one-trial learning of the new place tasks. By contrast, the fimbria-fornix rats showed no improvement across days or across trials.
hidden at a fixed location, as they seemingly swam at random until they bumped into it. Although they swam directly to a visible platform when it was introduced, this experience was not beneficial as their performance deteriorated when the platforms were again exchanged. In the second experiment, we found that if the rats were first trained to swim to the visible platform, then, when it was removed for probe trials, they swam to that location and searched for the platform. A number of other training and probe procedures confirmed that rats could form a place response. If these rats were then trained to a find the hidden platform at new locations, their performance deteriorated. Thus, the rats were impaired in learning to find the platform, they could learn its location when appropriately cued, but they were again impaired when required to search in a new location. These results suggest that the processes of learning to get to the hidden platform can be dissociated from the processes of knowing where it is.
Results of the first experiment confirm previous studies on rats given FF lesions (Cassel and Kelche, 1989; Sutherland and Rodriguez, 1989) , hippocampal lesions (Morris et al., 1982; Sutherland et al., 1982a) , and cholinergic muscarinic blockade (Sutherland et al., 1982b; Whishaw, 1985a,b) . Since the FF lesions cut the major cholinergic input to the hippocampus as well as other connections (Shute and Lewis, 1963; Lynch et al., 1978; Fibiger, 1982; Mesulam et al., 1983) , it is likely that all of these treatments disrupt a neural system involved in spatial behavior. The results of the second experiment find support in other studies that demonstrate that animals with hippocampal dysfunction do improve on place learning under certain training regimes, including overtraining, pretraining, or training with simplified procedures (Whishaw, 1985a (Whishaw, ,b, 1989 Sutherland and Arnold, 1987; Whishaw and Petrie, 1988; Eichenbaum et al., 1990; Morris et al., 1990) . Krechevsky (1938) suggests that problems consist of two components: finding the solution and then learning the task. Thus, whereas a common interpretation of the deficits in place learning of rats with hippocampal dysfunction is that they cannot use the relational properties of distal cues to locate a goal (e.g., O'Keefe and Nadel, 1972; Hirsh, 1974; Sutherland and Rudy, 1989; Jarrard, 1993 ) the rational for the present experiment lay in the recognition that an impairment in place learning of itself cannot indicate whether the animal only fails to use distal cues or cannot use them. Certainly, the behavior of the animals when they are first placed into the swimming pool suggests that they first experiment with various escape possibilities. They scrabble at the wall, swim around its edge, make sorties into its center, and circle, etc. When they discover that the escape platform is at a fixed location, they quickly learn to swim to it (Morris, 1981; Sutherland and Dyck, 1984; Whishaw, 1985a,b; Whishaw and Petrie, 1988) . Indeed, Whishaw and Petrie (1988) report that when rats make errors during acquisition they sometimes regress to ineffective escape behaviors. Following this logic, the profile of performance of the rats in the present experiments suggests that they are impaired in using some process necessary for learning how to get to the platform rather than being impaired in learning its location.
To learn to swim directly to a hidden target, an animal must successively shorten the path that is taken and it must progressively improve the heading direction that it takes when the swim is initiated. The ability of animals to make such progressive refinements may be achieved by a process such as path integration (Gallistel, 1990) . Path integration is most dramatically displayed by animals that take a circuitous route away from a home base followed by a rapid and direct return. Path integration may be accomplished in one of two ways: by learning to use distal cues to update a position and generate shorter routes or by retaining a record of previous movements from which a shortened trajectory is abstracted. The important aspect of path integration is that it must involve a process of active monitoring/control of ongoing movement to update positions with respect to velocity and time.
The results of the present experiment suggest that it is in some process related to the active monitoring of movements, such as path integration, that the impairment of the FF rats lies. In initially learning a place response they do learn to reach the platform but they do not quickly shorten their swims or develop swims that carry them directly to it. Even after having learned a place response by cuing and additional training, they remain unable to solve new place problems when trained using a classical training procedure. Taken together, these findings suggest that the impairments of the FF rats are most pronounced when they must search for the platform as opposed to swimming to a platform of known location. Another observation that is consistent with the idea that the FF rats' impairment is in a process such as path integration is the observation that even after being cued and well trained, their swim trajectories were not as direct as those of control rats (see also Whishaw, 1985b) . How the hippocampus might facilitate place learning through a process such as path integration is not known. Nevertheless, there is ample evidence that the hippocampus is involved in movement: its slow wave activity is closely related to movement (Vanderwolf et al., 1973) , many of its cells are active in indicating both direction and movement (McNaughton et al,, 1983) , its stimulation can arrest movement (Bland and Vanderwolf, 1972; Whishaw and Nikkel, 1975) , and when it is damaged there are pronounced changes in exploratory and other motoric behaviors (O' Keefe and Nadel, 1978; Amsel, 1993; Whishaw et al., 1994) .
There are, of course, other interpretations of the present results. Eichenbaum et al. (1990) suggest that FF rats are capable of using a single room view to guide their swims from one starting position. One could extrapolate to postulate that FF rats can learn to use four separate room views. We think that this possibility is weak if it is considered that in the present study the FF rats that learned the location of the hidden platform were first pretrained with a visible cue and thus had no need to rely on ambient cues. Morris et al. (1990) argue that the hippocampus enhances learning speed and/or motoric competency. Again, we do not think that a learning speed hypothesis easily accounts for the present results as the rats in the present study displayed a place response despite having not been specifically trained to do so. Gabriel et al. (1987) have suggest that the function of the hippocampus is to overcome proactive interference from initially encoded cues. This hypothesis is interesting and consistent with a report by Angeli et al. (1993) that primates can learn one place response but not two. Again, the present results show that the impairment of the FF rats is present both in initial learning and in reversal learning only when they are required to search for the platform. Parsimony suggests that their impairment resides within some aspect of acquisition rather than cue reversal. Finally, despite the remarkable similarity in performance of the control and FF rats in the second experiment, it is possible that the two groups acquire a place response using completely different strategies, for example, a cue-based strategy using a series of rules versus a place strategy. Again, were the FF rats prone to use conditional strategies one might expect that they would respond solely to the visible cue as opposed to vicariously learning about other ambient cues.
If rats with FF lesions can learn the location of a platform in relation to ambient cues, as we demonstrate, then this ability must be mediated by some extrahippocampal structure. A number of recent theories postulate that there are many partially independent neural systems for learning and memory (e.g., Packard et al., 1989; Gaffan, 1994) . Since swimming pool spatial impairments are obtained following damage to the perirhinal cortex, parietal cortex, or frontal cortex (Kolb et al., 1983) , cingulate cortex (Sutherland et al., 1988) , subiculum , and medial striatum Wiener, 1993 ; but see Packard et al., 1989) any of these structures may be sufficient for the acquisition of a single place response.
In conclusion, although the function of the hippocampus is still uncertain (Gale et al., 1993; Jarrard, 1993; Horel, 1994; Vanderwolf and Cain, 1994) substantial evidence suggests it is involved in spatial behavior. By using special training, novel kinematic measures, and probe trials, we show that the process of learning to reach a spatial goal or "getting there" can be dissociated from the process of knowing the location of that goal or "knowing where." This finding suggests that impairment of FF rats may reside more in a disability in controlling movement through space rather than in an inability to know the location of places in relation to ambient cues.
